We use two waves of nationally representative India Human Development Survey to examine factors driving the cooking fuel choice in urban and rural India, separately. We utilize a random effects multinomial logit model that controls for unobserved household heterogeneity. We find that a clean-break with the use of traditional fuels is less likely in rural areas, but more probable in urban areas. The household characteristics (e.g. income, education) that are positively correlated with use of clean fuel also increases the probability of fuel stacking for rural households. We also find that access to paved road is an important determinant for rural household adopting clean fuel, and there exists evidence of social spillover effects in rural areas. Moreover, the bargaining power of women that is associated with economic status (e.g. education or economic freedom) is positively associated with the use of clean fuel. Finally, we find considerable impact of liquefied petroleum gas prices on the probability of use of clean fuel for urban households, but no significant impact for rural households.
Collecting traditional fuels is time-consuming, and women and children are often responsible for this job. Thus use of traditional fuels reduces their time for studying or doing other productive activities (Burke and Dundas, 2015) . For economic growth, it is crucial to replace traditional fuels with modern fuels, like electricity, kerosene, or liqueed petroleum gas (LPG) (Kaygusuz, 2011) . Not surprisingly, the issue of household transition from traditional fuel to clean fuel has received considerable attention from both researchers and policymakers. In the literature on fuel transition from traditional to clean fuel, energy ladder model is quite popular (Hosier and Dowd, 1987; Leach, 1992; Leach and Mearns, 2013 ; Van der Kroon et al., 2013) . Energy ladder model states that the households would move along the energy ladder when they receive higher income or social status. However, households are usually unable to get rid of traditional fuels completely because of cost consideration, culture preference, or supply side considerations (Masera et al., 2000; Alem et al., 2016) . It has been noted that multiple fuel use constitutes the rule rather than the exception in many 1 https://www.who.int/en/news-room/fact-sheets/detail/household-air-pollution-and-health 2 Cooking fuels also have attracted increasing interest over the years because fuel wood harvesting has caused extensive deforestation. urban and rural areas of developing countries, and the use of multiple fuels is described as fuel stacking (Heltberg, 2004; Masera et al., 2000 ; Ruiz-Mercado and Masera, 2015) .
In this paper, we use a nationally representative panel data from India, India Human Development Survey (IHDS), to examine determinants of cooking fuel choice in urban and rural India, separately. We use multi-period multinomial logit model of fuel choice that account for unobserved time and choice invariant household heterogeneity. In addition to the usual household characteristics and prices of dierent fuels, the richness of the IHDS data allows us to control village level infrastructure, and women's bargaining power. Gangopadhyay et al. (2003) , they use an ordered discrete choice framework and focus only on cooking fuels for urban households. In comparison to above mentioned two studies that use single round of cross-section data, Viswanathan and Kumar (2005) and Cheng and Urpelainen (2014) use multiple rounds of NSS cross-section data. Viswanathan and Kumar (2005) use three rounds of NSS data collected in 1983, 1993-94, and 1999-00 to descriptively document expenditure on dierent types of fuel and share of clean fuel in total fuel expenditure in rural and urban India and Indian states. Cheng and Urpelainen (2014) use two rounds of NSS data collected in 1987-88 and 2009-10, and discuss fuel-stacking behavior for lighting and cooking in India. They use a two-stage model: in the rst stage they estimate a probit model for use of any modern fuel, while in the second stage they examine whether households engage in fuel stacking behavior conditional on using any modern fuel. They nd the stacking of LPG and traditional biomass has grown rapidly in India over 1987 and 2010.
They also nd that although the household income has a robust negative eect on cooking fuel stacking in 1987, it has a positive eect in 2010. They speculate that with the dramatic rise in the use of LPG in 2010, fuel stacking has become so common that even relatively wealthy households now engage in it.
It is worth noting that the dynamic fuel stacking behavior cannot be observed in crosssection data (Alem et al., 2016) . Moreover, the covariates available in the NSS data, that most of Indian literature on fuel choices is based on, are limited. For example, the NSS data do not contain any information that can be used to measure the bargaining power of the women in the household except education of individuals. Similarly information on village infrastructure is not available in the NSS data.
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We contribute to existing literature in the following ways. First, unlike the existing literature on India (Cheng and Urpelainen, 2014; Farsi et al., 2007; Viswanathan and Kumar, 2005; and Gangopadhyay et al., 2003) that is based on cross-section NSS data, we use a panel data and take account of household heterogeneity using a multinomial random eects model.
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The advantage of panel data is that it relaxes the assumption multiple observations within a choice are independent (Alem et al., 2016) . Second, distinct from existing literature on India, we also look at the bargaining power of women using multiple indicators available in our data. Third, for rural households, we examine the impact of village level infrastructure 3 Moreover, the NSS data report expenditure on consumption of energy (fuel, light and household appliances) during the last 30 days. Thus it does not distinguish between cooking and lighting. Cheng and Urpelainen (2014) reduce the dimensionality of the lighting fuel choice to that of kerosene and electricity, while focusing on liqueed petroleum gas (LPG ) and biomass on the cooking part. While for most fuels the primary use for cooking or lighting is distinct, fuels such as kerosene could be used for both. According to 68th round of NSS data collected in 2011-12, about 2.7 percent of households reported kerosene as the main source of cooking while only 0.17 percent of households report electricity as main source of cooking. The 2011 Census data suggest that 2.9 percent of the households use kerosene as main source of cooking, while only 0.1 percent of households use electricity as main source. Nonetheless, even if kerosene might not be the main source of cooking, it could be a supplementary source of cooking. For example, 2011 IHDS that asks whether households use kerosene, and for what purpose, about 27 percent households responded using kerosene for either cooking or cooking and lighting both. 4 Recently, Mekonnen and Köhlin (2009) The main ndings of the paper are following. First, there exist substantial dierences across urban and rural areas. The household characteristics that are positively associated with the use of clean fuel (e.g. income, education) also increases the use of fuel stacking in rural areas but have no signicant eects in urban areas. This suggests that a cleanbreak with the use of traditional fuels is unlikely to be in occurring rural areas, while more probable in urban areas. Rural households are more likely to go through stages where they shift to mixed fuel and later on to clean fuel. Second, we nd that access to paved road is an important determinant for rural households adopting clean fuel and distance to the nearest town is not important. Third, we also nd evidence of social spillover eects in rural areas: households residing in villages that reported clean (dirty) fuel as their main source are more likely to use clean (dirty) fuel and less likely to use dirty (clean) fuel. Fourth, the bargaining power of women that is associated with economic status (e.g. education or economic freedom) leads to increase in probability of household using clean fuel. Fifth, we nd considerable impact of LPG prices on the probability of use of clean fuel in urban areas, but no signicant impact for rural households.
The rest of the paper is organized as follows. Section 2 details the data, Section 3 provides the empirical strategy, Section 4 presents the results, and Section 5 concludes. were also implemented as part of IHDS. The village module contains information of village infrastructure and prices of dierent fuels. We use prices of dierent fuels at the village level collected in village module. Since the prices were not available for urban areas, we import district level fuel prices in urban areas from NSS 61st and 68th rounds of consumption expenditure. The NSS 61st and 68th rounds were collected in 2004-05 and 2011-12, and overlap with sample period of IHDS. NSS data do not collect prices at town/village or district levels, hence median prices of dierent types of fuels reported by households in urban areas in a district are taken as prevailing prices in district.
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The women module of the IHDS was implemented to only those households that have a residing adult women in age 18-49. The women module contains questions that we use to assess women autonomy inside the household. We generate ve variables to measure women bargaining power. The rst one is the education gap which equals to the highest education level of female adults minus the highest education level of male adults in household.
We create four additional indices that capture violence against women, involvement in deci-5 IHDS data is publicly available from Inter-university Consortium for Political and Social Research (ICPSR). See http://ihds.info/ for more details. 6 For rural sample, the IHDS data do not report price of coal, we impute price of coal for rural households using district level coal prices from NSS rural sample. District is the lowest level of geographical unit that can be identied in both datasets for matching purposes. In our data, there are total six fuels used for cookingrewood, dung, crop residuals, coal/charcoal, kerosene, and LPG. IHDS questionnaire lists each fuel type and asks from the respondent whether the household has used the fuel for cooking purposes. The use 7 Nordman and Sharma (2016) create similar index by adding the binary responses. 8 Nordman and Sharma (2016) also create a similar index by adding the binary responses in the three questions.
of electricity as fuel type is not listed, however, according to 2011 Census data, only 0.10 percent of households in India listed electricity as their main cooking fuel (0.07 percent of rural households and 0.15 percent of urban households). Figure 1 and Figure 2 present the types of fuel used by rural and urban households, respectively. As evident from the gures, majority of the households in rural India use rewood, while majority of urban households use LPG. Following the literature, we treat rewood, dung, crop residuals, and coal/charcoal as dirty fuels, while kerosene and LPG are treated as clean fuels. Figure 2 presents the fuel stacking behavior in urban and rural households. As evident, fuel stacking is prevalent in both urban and rural areas, and importantly, the incidence of fuel stacking has increased between 2004 and 2011 in both urban and rural India.
Although, IHDS data also contain information on total expenditure on each type of fuel in the last 30 days, the expenditure information is available if the household bought the fuel from the market. For households who collected their own fuel, there is no available imputed value. This is problematic for traditional fuels as a large fraction of rural households use traditional fuels that are either collected from own land or other places. Moreover, since there is no quantity information on each type of fuel, it is not possible to impute expenditure for households who do not buy traditional fuels. Hence, we do not use information on fuel expenditure in our analysis. 9 Table 1 provides the descriptive statistics of the variables used in our analysis. The explanatory variables used in the analysis include household head characteristics, household demographic characteristics including the social groups, household consumption expenditure as a proxy for income, fuel prices of alternative fuels at the village level (for rural households) or at the district level (for urban households), and dierent variables that capture the bargaining power of women as discussed earlier. For rural households, we also control for village infrastructure.
Indian society has historically been characterized by a high degree of social stratication 
Empirical framework
Our analysis is based on an multinomial logit model with unobserved heterogeneity. Each household i faces j choices of cooking fuel at time t. Each fuel choice corresponds to certain level of utility. Household chooses the one for which the utility is the highest. In our setting, there are three choices at each time t: only dirty fuel (j = 1), a mix of clean and dirty fuels (j = 2), and only clean fuel (j = 3). 10 Household i's indirect utility of a choice j at the time t in a random eects context can be specied as follows:
where X it is a matrix of observed explanatory variables that are expected to aect fuel choice and β j is the choice specic parameter vector. γ ij and ε ijt are unobserved random compo- 10 In a study in Guatemala, Heltberg (2005) captures the stacking behavior of households by using three categories: only wood, only LPG, or LPG and charcoal for cooking. nents, where γ ij is household and choice specic. At time t, household chooses the alternative with highest utility, V ijt . Assuming that the ε ijt 's are all independently distributed according to a type I extreme-value distribution, it can be shown that the conditional probability of household i choosing the category j at time t is given by:
where only dirty fuel is chosen as base outcome, so γ i1 and β i1 are normalized to zero.
If there is no unobserved heterogeneity across households: ∀j : γ ij = γ j , Eqn (2) 11 As evident from Table 2 , the variances of the heterogeneity terms for both clean fuel and stacking are large and highly signicant. Moreover, addition of random eects leads to a large increase in the log likelihood value over that for a standard pooled multinomial logit without random eects, and a likelihood ratio test rejects the pooled multinomial in favor of random eects.
Results

Household fuel choices
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In Table 3 , we present the average marginal eects from the random eects models reported in Table 2 . Households belonging to the disadvantaged groups SCs, STs, and
OBCs are more likely to use only dirty fuel in rural areas compared to households belonging An increase in monthly per capita consumption increases the probability of use of both mixed and clean fuel in rural areas. Importantly, increase in consumption expenditure leads to a larger increase in the probability of mixed fuel use than increase in probability of only clean fuel in rural areas. As expected, increase in consumption expenditure reduces the probability of relying only on dirty fuel in rural areas. We nd slightly dierent results for urban households. While increase in consumption expenditure is associated with a signicant decrease (increase) in the probably of use of only dirty (clean) fuel, increase in consumption expenditure reduces the use of mixed fuel marginally. It is noteworthy that there exists 11 In all of our estimations, we control for the six region. Ideally, we would like to control a ner geographical unit such as state (for urban sample) and districts (for rural sample). However, because of large sample size and presence of large number of indicators lead to convergence issues in the estimation. 12 Pooled multinomial estimates are reported in appendix Table A2 , however, we do not discuss the results here.
substantially large dierence in the use of sole fuel between rural and urban areas. In 2011, only 69 (7) percent of rural households reported use of only dirty (clean) fuel, while 31 (23) percent urban households reported using only dirty (clean) fuel. Given the large dierential in the use, the dierences in rural-urban results regarding use of mixed fuel support the idea that households move from dirty fuel to mixed fuel and then to clean fuel. Many studies have studied the impact of income/consumption on fuel choice, and ndings have been mixed. Our ndings in rural India are similar to Heltberg (2004 Heltberg ( , 2005 who use multiple country data and nds that with increase in income, households tend to add modern fuels to their mix as partial rather than perfect substitutes for traditional ones. Alem et al. (2016) suggest that households tend to switch to a multiple fueluse strategy as their incomes rise, for reasons that include the reliability of supply and convenience of use of dierent stoves and fuel types.
Hence, supply side considerations with dierential initial use levels might be driving reasons behind dierential impact of income on mixed fuel in rural areas compared to urban areas.
Increase in household size increases the probability of fuel stacking in both urban and rural areas, and reduces the probability of relying on only one type of fuel. Heltberg (2004) and Alem et al. (2016) also nd that larger households are more likely to be involved in fuel stacking. A higher dependency ratio increases the probability of relying on only dirty fuel while reducing the probability of use of any clean fuel (either clean only or mixed). This is true both in urban and rural areas. Importantly, children are normally involved in collecting traditional fuel. More children reduce the cost of collecting traditional fuel; hence, increase the use of traditional dirty fuel. Households who derived their main income through salary or trade are less (more) likely to use dirty (clean) fuel in both urban and rural area compared to households whose main income source in cultivation/agriculture. Moreover, households whose main income source is salary or trade are more likely to use mixed fuel in rural areas, while less likely to use mixed fuel in urban areas.
Female-headed households in rural areas are less likely to use only dirty fuel and more likely to be involved in fuel stacking behavior. In urban areas, female headed households are more likely to rely only on clean fuel. It is important to note that the female-headed rural households are only marginally more likely to use clean fuel, while for the urban households the impact on the use of mixed fuel is insignicant. This suggests that females prefer to use clean fuel, however, because of supply constraints, they move to mixed fuel in rural areas, while they moves to clean fuel in urban areas. The existing literature also supports the idea that the female-headed households prefer modern fuels to traditional fuels (Farsi et al., 2007; Rao and Reddy, 2007; Rahut et al., 2014) . This is generally attributed to the fact that women are often responsible for household cooking and thus are directly aected by the air pollution emitted from the burning of the dirty fuels. Age of head also reduces the use of only dirty fuel and increases the probability of household adopting clean fuel in both rural and urban areas. Muller and Yan (2018) suggest that this result implies clean fuels is more aordable for the elderly than the young people because the later facing liquidity constraints. The education of household head plays a role in fuel choices. More education is associated with a decline in the probability of relying on only dirty fuel, while increases the probability of relying only on clean fuel in both rural and urban areas. Consistent with other results, although more education increases the probability of fuel stacking in rural areas, it decreases the probability of fuel stacking in urban areas.
The prices of fuels have drawn considerable attention in fuel choice literature. We nd that an increase in rewood prices reduces (increases) the probability of use of only dirty (clean) fuel in rural areas, and has no impact on the fuel stacking behavior. In urban areas, increase in rewood prices reduces probability of use of either only dirty fuel or mixed fuel, while increases the probability of use of only clean fuel. Thus, households tend to shift to clean fuel sources as price of rewood increases. Importantly, the magnitude of impacts of increase in rewood prices are much larger in urban areas compared to rural areas. This is possibly because, while the households in urban areas mostly rely on market for rewood, households in rural areas can self-collect rewood potentially reducing the impact of an increase in rewood prices. Increase in price of coal reduces the probability of using either clean or dirty fuel and increases the probability of use of mixed fuel in both urban and rural areas. It is noteworthy that less than 2 percent of rural households and close to 5 percent of urban households reported use coal for cooking. Increase in dung prices increases the probability of using only dirty fuel, while reduces the use of mixed fuel in rural areas. The estimates suggest that increasing dung prices also increases the probability of use of clean fuel; however, the magnitude of impact is marginal. Increase in use of dirty fuel with dung prices is counter-intuitive; however, as our indicator for dirty fuel contains four types of fuel, Interestingly, kerosene in India is one of the subsidized commodities for household use, and been distributed by the Public Distribution System (PDS) for decades. In other words, the actual kerosene prices faced by the households may be dierent than the market prices based on the households' eligibility for PDS and amount of PDS kerosene consumed. This introduces another uncertainty regarding the impact of market price for kerosene on clean fuel.
Increase in the price of LPG reduces use of mixed fuel and increases the use of dirty fuel for rural households, although the impact on dirty fuel is not statistically signicant.
Nonetheless, the impact of LPG price is much stronger in urban areas compared to rural areas, which is not surprising given a much higher incidence of LPG use in urban areas. For urban households, one percent increase in prices leads to 13.6 percentage points decline in use on clean fuel, and leads to a 14.3 percentage points increase in use of only dirty fuel. This is consistent with the evidence in the fuel choice literature that suggest a strong ownprice eects for the demand of LPG (Farsi et al., 2007; Zhang and Kotani, 2012) , and a substitution relationship between LPG and rewood (Heltberg, 2004; Sehjpal et al., 2014) .
The availability of modern fuel like LPG should not be a big issue for urban households, however, it can be a key issue for rural households. Seventy eight percent of the urban households reported using LPG in 2012; however, only 30 percent of the rural households reported using LPG. Access to the LPG may be a contributing factor in the observed dierence in the use of LPG across urban and rural areas besides other demand side factors. Increase in the distance to nearest town increases the use of dirty fuel and reduces the use of mixed fuel. There is no impact on the use of only clean fuel. Whether the village has paved road or not seems to an important determinant of fuel choice. Not having paved road lead to 4 percentage points increase in use of dirty fuel while it reduces the use of clean or mixed fuel. We also nd evidence of social spillovers. Households residing in villages that reported clean fuel as their main source are more likely to use clean or mixed fuel and less likely to use dirty fuel. Households residing in villages that reported dirty fuel as their main cooking energy source are more likely to use dirty fuel and less likely to use clean fuel.
Women's bargaining power
Appendix Table A1 presents the results of multinomial random eects models that also include women bargaining power, while Table 4 presents the average marginal impacts. Table 4 is similar to Table 3 except that Table 4 models also include variables that capture the bargaining power of women. Since the bargaining information is constructed from the women module that was implemented only if the household has a residing adult women in age 18-49, inclusion of bargaining variables leads to loss of signicant number of observations. However, the estimates of the rest of the variables remain qualitatively similar to what is presented in Table 3 , and discussed earlier. Hence, we focus only on bargaining variables from the Table 4 . 13 The permission index that captures the permission needed has no signicant impact on the choice of fuel. Overall, the bargaining power of women that is associated with economic status (e.g. education or economic freedom) leads to increase in probability of household using clean fuel.
Note that
Conclusion
In this paper, we use two waves of India Human Development survey panel data to examine factors determining household fuel choice in rural and urban areas, separately. Majority of literature on fuel choice in India is based on cross-sectional data and thus does not allow for household heterogeneity. We contribute to the existing literature on India by using a panel data, and utilizing multinomial logit with random eects. Moreover, we also examine the impact of village infrastructure and women bargaining power on fuel choice.
We nd considerable incidence of fuel stacking where households use both clean and dirty fuel together in both urban and rural areas. The use of only clean fuel remains low in rural areas, and between 2004 and 2011, there is an increase in fuel stacking not only in rural areas but also in urban areas. We nd that the household characteristics that are positively associated with use on only clean fuel, such as education, per capita expenditure, are also positively associated with use of fuel stacking for rural households. For urban households, these characteristics have mostly no signicant impact on fuel stacking. For rural households, 13 Moreover, the violence index captures respondent woman's perception about the status of women in the community, and may not be capturing the intra-household bargaining power of respondent women.
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